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Description 

The present invention relates to exchange method 
of mobile phase in high-performance liquid chromatog- 
raphy mass spectrometry and its apparatus constituted 
in such away that the mobile phase which can introduce 
mobile phases and components (containing substanc- 
es) suitable for the components to be separated and to 
be partially taken into a mass spectrometer may be free- 
ly exchanged in high-performance liquid chromatogra- 
phy mass spectrometry. 

The conventional high-performance liquid chroma- 
tography mass spectrometry has been performed as 
shown in Fig. 14. That is to say, (F 0 )is a container which 
has a mobile phase (Lq) in it, (P 0 ) is a pump, (IJ 0 ) is an 
injector which injects a sample to be analyzed, (C 0 ) is a 
separating column, (D 0 ) is a detector, (MS 0 ) is a mass 
spectrometer, and these are connected to each other by 
lines for sending liquid. 

And, the apparatus is set up in such a way that the 
mobile phase (Lq) which is sent by the pump (P 0 ) as 
liquid is sent into the separating column (C 0 ) together 
with the sample injected from the injector (IJ 0 ), there 
components contained in the sample are separated into 
each component, and then introduced into the mass 
spectrometer (MS 0 ). The presence of the components 
to be introduced into the mass spectrometer (MS 0 ) can 
be previously detected by the detector (D 0 ). 

At the introducing part of the mass spectrometer 
(MS 0 ), the mobile phase (Lq) is first removed and simul- 
taneously the aimed components are ionized and ana- 
lyzed, however there are several methods regarding the 
removing means and the ionizing means, and usable 
mobile phases and analyzable components are restrict- 
ed by some method. 

This method includes, for example, Spray method 
(thermo-spray method, atmospheric spray method, par- 
ticle beam method), frit FAB method, and the like. 

However, the conventional method has the follow- 
ing troubles. 

A. In case of the thermospray method, the presence 
of an electrolyte is indispensable to ionization, and it is 
necessary to use a buffer for the mobile phase in the 
high-performance liquid chromatography mass spec- 
trometry. With regard to buffers to be used, however, 
when nonvolatile buffers such as phosphate buffer and 
the like are used, the buffer components are deposited 
on the metallic nozzle of the introducing part of the mass 
spectrometer, and the mass spectrometry becomes im- 
possible. Accordingly, for the mobile phase in the high- 
performance liquid chromatography mass spectrometry 
the volatile buffers such as ammonium acetate and the 
like must be used, and as a result the components to be 
separated are extremely restricted. 

B. In case of frit FAB method, matrix to be required 
for ionization, for example, glycerol, ethylenediamine 
and the like is added to the mobile phase. However com- 
ponents to be separated are extremely restricted ac- 



cording to the kind of matrix. Also, since the buffer used 
in the mobile phase enters directly the mass spectrom- 
eter, said buffer is restricted to such substance which 
can be easy to ionize the aimed components, and com- 

s ponents to be separated are extremely limited like the 
thermo-spray method in the high-performance liquid 
chromatography mass spectrometry. Therefore, recent- 
ly aimed components which can be separated by the 
high-performance liquid chromatography mass spec- 

10 trometry are neutral substances which can be separated 
without using buffers in the mobile phase or a part of 
ionic components (acidic or basic compounds) which 
can be separated in the mobile phase of volatile buffers 
such as ammonium acetate, and said aimed compo- 

15 nents are extremely restricted. Especially, compounds 
used in medicines include comparatively many kinds of 
ionic compounds, therefore the conventional high-per- 
formance liquid chromatography mass spectrometry 
can not often cope with them. 

20 The document Journal of Chromatography, vol. 
474, 14 July 1989, Amsterdam NIL, pages 59-68, Kok- 
konen et al, describes a phase switching system in 
which: 

25 jn a 1st process the components contained in a 
sample to be analyzed are separated using a first 
mobile phase A; 

in a 2nd process only the components of analytical 
interest are caught by a trapping column after dilut- 
30 jng the said first mobile phase A with a dilute solu- 
tion; and, 

in a 3rd process the components of analytical inter- 
est are sent to a mass spectrometer using a second 
mobile phase B and are there analyzed. 

35 

According to a first aspect of this invention a method 
of liquid chromatography mass spectrometry as claimed 
in the preamble of claim 1 , is characterised in that the 
components of analytical interest separated in the 1st 
40 process are collected and retained as separate frac- 
tions. 

According to a second aspect of this invention a liq- 
uid chromatography mass spectrometer apparatus as 
claimed in the preamble of claim 4 is characterised in 

45 that the 2nd section includes a retainer having multiple 
branches for retaining and collecting separate fractions 
of the components separated by the first section. 

The present invention increases the selectivity of 
the components by selecting the mobile phase respec- 

50 tively in the separating process of the components 
present in the sample and in the sending process of the 
components after separation to a mass spectrometer. 

The method and apparatus enable the components 
separated in the 1st process to be retained, a sufficient 

55 amount of the components can be taken as a sample 
and the mass analysis can be performed by injecting the 
sample several times even if the amount of the compo- 
nents of interest are present only in very small quanti- 
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ties. 

In addition, if each different mobile phase is respec- 
tively used for the mobile phase A and the mobile phase 
B, the optimum mobile phase can be freely selected for 
the component to be separated, so that the component 
which has not hitherto been analyzed has come to be 
analyzed. 

Preferably, a separating column is used for sepa- 
rating the components contained in the sample in the 
1st process. 

In addition, if a process is added wherein the com- 
ponents of analytical interest caught by a trapping col- 
umn are further separated in the 3rd process, for exam- 
ple, by a further separating column, more precise mass 
spectrometry is possible even if the components of in- 
terest are not satisfactorily separated in the 1 st process 
and therefore the reliability of analysis can be enhanced. 

As mentioned above, the optimum mobile phase for 
the components to be separated can be freely selected 
on-line by the exchange method of mobile phase in high- 
performance liquid chromatography mass spectrometry 
and its apparatus of this invention, therefore the com- 
ponents which have not been hitherto analyzed may be 
analyzed. Moreover, individual valves, pumps, and the 
like can be optionally controlled, and the operation per- 
formance is remarkably excellent. 

The above and other aspects of the invention will 
be seen by reference to the description taken in connec- 
tion with the accompanying drawings, in which: 

Fig. 1 is the schematic explanatory drawing of the 
high-performance liquid chromatography mass spectro- 
metry apparatus which is an example of this invention. 

Fig. 2 is the schematic explanatory drawing of six- 
port valves (V-,) and (V 4 ). 

Fig. 3 is the schematic explanatory drawing of a 
sampling part. 

Figs. 4, 5 are chromatograms of a -tocopherol by a 
detector (D^ and a detector (D 2 ) respectively. 

Figs. 6, 7 are the mass spectrograms of -tocopherol 
analyzed by the mass spectrometer. 

Fig. 8 is a chromatogram of Experiment 2 wherein 
a column (C 3 ) for separating the components is used. 

Fig. 9 is a chromatogram wherein the column (C 3 ) 
is not used in case of Fig. 8. 

Fig. 1 0 is a chromatogram oF Experiment 3 wherein 
the sample is a, p and 5 -tocopherol. 

Fig. 11 is a chromatogram wherein the whole lines 
are constituted with stainless pipes whose inside diam- 
eter is 0.1 mm. 

Fig. 12 is a chromatogram wherein only a line (36) 
is constituted with wide stainless pipe whose inside di- 
ameter is 0.8 mm. 

Fig. 1 3 is a chromatogram of Experiment 5 wherein 
the sample is verapamil. 

Fig. 14 indicates a conventional high-performance 
liquid chromatography mass spectrometric apparatus. 

Examples of the present invention shall be illustrat- 
ed below. 
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In Fig. 1 , (1 0) is 1 st section where separation is car- 
ried out. (F n ) is a container in which the mobile phase A 
(L^ for separating the aimed components is present, 
and the mobile phase A (L,) is used for separating the 
s aimed components by selecting appropriately the opti- 
mum buffer. 

(P., ) is a pump, (IJ) is an injector, (C-, ) is a separating 
column, (D-,) is a detector, (V.,) is a six-port valve for 
changing over the line, (DR,) is a discharging drain for 
10 discharging the unnecessary components together with 
the mobile phase A, and these are connected to each 
other by means of the lines comprised of stainless pipes 
and the like. 

Fig. 2 indicates the changing state of lines per- 
is formed by six-port valve (V^, and said changing state 
is set up in such a way that the lines connecting to six- 
port valve (V^ may be changed over to full lines (x) or 
dotted lines (y) by operating alternately a cock (not 
shown). 

20 in Fig. 1 , (20) is 3rd section which sends the com- 
ponents separated in 1st section into a mass spectrom- 
eter (MS), and (F 3 ) is a container holding the mobile 
phase B (L 3 ) in it. For the mobile phase B (L 3 ) it is used 
a mobile phase containing a volatile buffer and a matrix 

25 necessary to elute the components from a trapping col- 
umn (TC) described below, for example, the mixed so- 
lution of methanol or acetonitrile and acetic acid buffer 
or the like can be used, however the mobile phase suit- 
able for a substance is appropriately used. In addition, 

30 (p 3 ) js a pump, (C 3 ) is a separating column, and (D 3 ) is 
a detector. 

There is 2nd section (15) between 1st section (10) 
and 3rd section (20), (F 2 ) is a container full of a dilute 
solution (Lg) for diluting the mobile phase, (P 2 ) is a 

35 pump, (BP) is a diluting by-pass through which the dilute 
solution passes, (SL) is a sampling part, (V 2 ) and (V 3 ) 
are changing valves for changing over the loop of the 
sampling part (SL). 

In addition, the constitution is set up in such a way 

40 that the flow rate of the dilute solution (L 2 ) which is 
poured from a by-pass may be adjusted by a flow rate- 
adjusting valve (CV). 

As shown in Fig. 3, the sampling part (SL) is 
equipped with 6 loops from loop (41 ) to loop (46) in order 

45 that the pathway through which the mobile phase pass- 
es can be selectively changed over to an optional loop 
by changing the change-over valves (V 2 ), (V 3 ). In addi- 
tion, the number of the loops can be optionally decided, 
for example, the number of the loops can be more in- 

50 creased by installing more change-over valves. 

Thus, the components are separated in 1st section 
(1 0) in order that the separated components may be di- 
vided into different component groups (41 ) -(46) respec- 
tively and retained separately. 

55 (V 4 ) is a six-port valve for changing the lines, (DR 2 ) 
is a discharging drain, and (TC) is a trapping column. 
The six-port valve (V 4 ) can change over the path as il- 
lustrated beforehand in Fig. 2. For the trapping column 
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(TC), a column of the same mode as column (C 3 ) is used 
so as to adsorb the aimed components, however a col- 
umn specially designed for the high-performance liquid 
chromatograpby is not necessarily used, any column 
having a certain degree of pressure resistance can be s 
used. In accordance with the substance to be separated 
and analyzed, the columns (C^ and (C 3 ) are also ap- 
propriately selected from the various modes of columns, 
for example, in view of a normal phase, reversed phase, 
ion exchange, gel permination chromatograpby (GPC) io 
hydrophobic chromatography, affinity, optical resolution 
chromatography, and the like. 

The exchange means of the mobile phase shall be 
illustrated below using the apparatus of this invention 
constituted above. 15 

Further, lines connected to each part are (30) to (39) 
as shown in Fig. 1. First of all, in 1st section (1st proc- 
ess), a mobile phase A (L,) is sent into a line (30) by 
operating a pump (P-,), and a sample is injected From 
an injector (IJ). The sample passes through the sepa- 20 
rating column (C-,) together with the mobile phase A 
(L,), and there the sample is separated into each com- 
ponent contained in the sample, then each separated 
component is monitored by the detector (D^. 

Next, in 2nd section (2nd process), each compo- 2S 
nent present in the mobile phase A is sent through the 
six-port valve (V 1 ) into the line (31 ) and there is retained 
in the prescribed loops (41 ) to (46) respectively. 

In addition, changing-over of the valves (V 2 ) and 
(V 3 ) is performed in accordance with the detecting sig- 30 
nal of the detector (D^ in order that each component 
contained in the sample may be retained in each differ- 
ent loop. 

As mentioned above, a proper quantity of the com- 
ponents is gathered in the loop, thereafter the operation 35 
of the pump (31) is stopped, and the line (33) and the 
line (31 ) are commun icated each other by changing ove r 
the six-port valve (Vj). 

In this state, by operating a pump (P 2 ) the dilute so- 
lution (L2) For the mobile phase present in a container 40 
(F 2 ) is sent into the sampling part (SL) from lines (330, 
(33), valve (V n ) and line (31), the components are 
pushed out together with mobile phase A (L,) and 
passed through line (32), valve (V-,) and lines (34), (35), 
then introduced into a trapping column, and the compo- 45 
nents are caught by the trapping column (TC). 

Also, in this case, while pouring a proper quantity 
of the dilute solution (Lg) for dilution of the mobile phase 
from the by-pass (BP), the components sent into the 
trapping column (TC) while adjusting the dilution ratio of so 
the mobile phase, which facilitates to catch the compo- 
nents by the trapping column (TC). That is to say, the 
dilution ratio of the mobile phase easily caught by the 
trapping column (TC) are different respectively accord- 
ing to the kinds of the components so that the dilution ss 
ratio must be changeable so as to catch the component 
by the trapping column (TC) easily. When a proper 
quantity of the dilute solution (Lg) used for dilution of the 



mobile phase A is poured therein from the by-pass used 
for dilution of the mobile phase A in order to adjust the 
dilution ratio of the mobile phase A suitable for the com- 
ponents, the trapping column (TC) facilitates to catch 
the components. 

In addition, the constitution is set up in such a way 
that the dilute solution (L2) sent from a line (33') by op- 
erating the pump (P 2 ) is divided into two portions, one 
portion is poured into the intermediate part situated be- 
tween line (34) and line (35) from the by-pass (BP), and 
another portion is made to pass through line (33) and to 
push out the components present in the sampling part 
(SL) together with the mobile phase A (L-,). Therefore, 
for instance, if the degree of valve opening can be 
changed by providing a flow rate-adjusting valve (CV) 
in the by-pass (BP), the pouring amount of the dilute 
solution used for diluting the mobile phase A can be eas- 
ily adjusted according to the kinds of the components 
so that the best dilution ratio to a component can be ob- 
tained so as to catch the component by trapping column 
(TC) easily. 

The object of the dilute solution (L 2 ) is also to catch 
the aimed components by the trapping column (TC) and 
to further remove the buffer present in the mobile phase 
A(L,) used 1st section (10), for example, in the reversed 
phase system water and the like can be used and in the 
normal phase system hydrocarbon and halogenated hy- 
drocarbon (e.g., hexane, chloroform, and the like) can 
be used. Thus, the components and the mobile phase 
A are diluted and made to pass through a line (35) and 
sent through a line (36) into the trapping column (TC), 
where the components are caught. And, the mixed so- 
lution of the mobile phase A (L,) and the dilute solution 
(L 2 ) passes through the trapping column (TC), goes via 
a Jine (37) and the six-port valve (V 4 ), and is discharged 
from a discharging drain (DRg). 

Next, in 3rd section (3rd process), the components 
collected in the trapping column (TC) are made to pass 
through a line (38) and a line (37) by changing over the 
six-port valve (V 4 ). In this state, by operating the pump 
(P 3 ) a mobile phase B (L 3 ) sent to the line (38), then by 
sending the mobile phase B into the trapping column 
(TC) from the opposite direction (from a line (37) via the 
valve (V 4 )) the mobile phase B (L 3 ) is sent through the 
line (36), valve (V 4 ), and line (39) into the mass spec- 
trometer (MS) and is analyzed. 

Accordingly, the mobile phase A (Lj) used in 1st 
section (1 0) is rejected by the above-mentioned means 
and in 3rd section (20) the components are introduced 
into the mass spectrometer (MS) by using the mobile 
phase B (L 3 ), in order that the optimum mobile phase A 
(L^ suitable for separating the components may be se- 
lected, and also the buffer and the matrix may be freely 
selected and added. 

Thus, as shown in Fig. 1 , if the constitution is set up 
in such a way that in 3rd section (20) the separating col- 
umn (C 3 ) is further installed, the components are again 
separated into each component by this column (C 3 ), 
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each component is detected by the detector (D 3 ) and is 
mass analyzed by the mass spectrometer (MS), if con- 
stituted above, then more precise mass spectrometry 
can be achieved and the reliability of analysis is en- 
hanced by performing further separation by means of 
the separating column (C 3 ), even if the aimed compo- 
nents could not be separated satisfactorily in 1 st section 
(10). 

Also, as the results of the experiments, it was found 
that in case of installing the separating column (C 2 ) in 
3rd section (20), if line (36) was composed of a thick 
pipe whose inside diameter was larger than that of other 
lines, separation by the separating column (C 3 ) could 
be better performed. 

In addition, computerized control is possible for op- 
erating each pump or for changing-over the valve, the 
number of containers (F 1 ), (F 2 ) and pumps (P, ), (P 3 ) can 
be more increased, and the general-purpose properties 
of this apparatus can be more enhanced by selecting 
appropriately the suitable one from many kinds of mo- 
bile phases. Also, in accordance with the object, it is 
preferable to use a large-sized column for the separat- 
ing column (C, ). When the mass spectrometer is frit FAB 
method it is preferable to use a semimicro bore column 
(inside diameter is about 20-30 mm, length is about 
10-30 cm; on the other hand, as for ordinary column, 
inside diameter is about 4.0-6.0 mm, length is about 
10-30 cm) or a micro bore column (inside diameter is 
about 0.3-1 .2 mm, length is about 10-30 cm) for the sep- 
arating column (C 2 ). 

And, separating effect can be more exhibited by 
changing the separating mode of 1st section (10) and 
3rd section (20). 

EXPERIMENT 

The results of experiment which was performed by 
using the apparatus of the present invention shall be il- 
lustrated. 

Experiment 1 

A sample containing each 10 [i g of tocopherol 
homologue a, p, y and 6 respectively was used in this 
experiment. In 1 st section (10), the experiment was per- 
formed under the condition that the separating column 
(C-,) was Inertsil ODS-2 (4.6 $ X 150 mm made by Gas- 
chro Kogyo Co., Ltd.), mobile phase A (L,) was metha- 
nol, detection was at DV 275 nm, flow rate was 1.0 
ml/min., in 3rd section (20), the experiment was per- 
formed under the condition that the column (C 3 ) was In- 
ertsil ODS-2 (0.7(f) X 150 mm made by Gaschro Kogyo 
Co., Ltd.), mobile phase B (L 3 ) was methanol containing 
0.5 % glycerol, detection was at UV 275 nm, flow rate 
was 0.02 ml/min. 

And, dilute solution (L 2 ) was a mixed solution (10: 
90) of methanol and water, the flow rate was 0.5 ml/min, 
the trapping column (TC) was Inertsil ODS-2 (2. 1 $ X 50 



mm, made by Gaschro Kogyo Co., Ltd.), the mass spec- 
trometer was frit FAB System Mass Spectrometer 
(JOEL JMS-8HX 100, made by Nippon Denshi Co., 
Ltd.). 

s In 1st section (10), the detector (Dj) monitored that 
a -tocopherol was separated and eluted (see Fig. 4), 
and the separated a -tocopherol was taken in the sam- 
pling part (SL) by changing over a valve (V-,). In addition, 
the dilute solution (L^) was sent, a -tocopherol was 

10 caught by the trapping column (TC) and was monitored 
by the detector (D 3 ) (see Fig. 5), then a -tocopherol was 
introduced into the mass spectrometer (MS) and ana- 
lyzed. The mass spectrogram obtained in this analysis 
was shown in Fig. 6. As seen from Fig. 6, the molecular 

is jon peak 430 of a -tocopherol could be measured with 
high sensibility. 

On the other hand, in 1st section (10) a 1.25 % 
phosphoric acid was added into the mobile phase A and 
the mass analysis was performed, as a result the mo- 

20 lecular ion peak 430 of a -tocopherol could be measured 
with high sensibility without showing any influence 
caused by the addition of phosphoric acid which is a 
non-volatile buffer (see Fig. 7). 

As mentioned above, the mass analysis was per- 

25 formed by using this apparatus without showing any in- 
fluence even if non-volatile buffer such as phosphoric 
acid which restricts ionization necessary for the mass 
analysis was used. 

30 Experiment 2 

The degree of separating effect in 3rd section (20) 
was examined after a-tocopherol 1 g being caught by 
the trapping column (TC) in cases of the separating col- 
as umn (C 3 ) being installed in 3rd section (20) and not in- 
stalled. 

The experiment was carried out under the condition 
that in 3rd section (20), a column (C 3 ) was inertsil ODS- 
2 (0.7 X 150 mm made by Gaschro Kogyo Co., Ltd.) a 

40 mobile phase B (L 3 ) was a solution (80 : 20) of methanol, 
detection was carried out at UV 282nm, flow rate was 
0.02 ml/min, dilute solution (Loused for diluting the mo- 
bile phase was a mixed solution (30 : 70) of methanol 
and water, flow rate was 1 .0 ml/min, trapping column 

45 (TC) was Inertsil ODS-2 (4.0 <)> X 10 mm made by Gas- 
chro Kogyo Co., Ltd.). As a result, if the constitution is 
set up in such a way that in 3rd section (20) the sepa- 
rating column (C 3 ) is further installed after the compo- 
nents caught by the trapping column (TC), each com- 

50 ponent was concentrated and separated satisfactorily. 

That is to say, in case of installing the separating 
column (C 3 ) in 3rd section like this invention, the state 
monitored by the detector (D 3 ) was obtained as shown 
in Fig. 8, after having the components passed, the result 

55 indicating a remarkable sharp peak was obtained. 

On the contrary, in case of non-installing the column 
(C 3 ) wherein each component was introduced into the 
detector (D 3 ) from the trapping column (TC) directly, the 
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state monitored by the detector (D 3 ) was obtained as 
shown in Fig. 9, the result indicating a broad peak was 
obtained. As mentioned above, by installing the column 
(C 3 ), each component was concentrated and introduced 
into a mass spectrometer (MS), so that it was found that s 
the concentrating effect of the column (C 3 ) can be more 
exhibited. 

Experiment 3 

Each 1 u, g of a, p, and 5 -tocopherol was respec- 
tively caught at the same time by the trapping column 
(TC) and separated by the separating column (C 3 ) 
placed in 3rd section. 

The experiment was carried out under the condition 
that in 3rd section (20), a column (C 3 ) was inertsil ODS- 
2 (0.7 X 150 mm made by Gaschro Kogyo Co.,Ltd.) a 
mobile phase B was methanol, detection was carried out 
at UV 275 nm, flow rate was 0.02 ml/min, dilute solution 
(L 2 ) used for diluting the mobile phase A was a mixed 
solution (30 : 70) of methanol and water, flow rate was 
1.0 ml/min, trapping column (TC) was Inertsil ODS-2 
(4.0 c(> X 10 mm made by Gaschro Kogyo Co., Ltd.). 

Also, the apparatus was constituted in such a way 
that only the inside diameter of lines (30)-(39) was 0.1 
then experiment was carried out. 

a, p and 5 -tocopherol eluted in 1 st section were 
intentionally mixed and taken in the same loop of the 
sampling part (SL) without changing over the valve (V-,). 
Thus, a, p, and 5 -tocopherol were caught by the trap- 
ping column (TC) in the mixed state, and the separation 
was performed by means of the separating column (C 3 ) 
placed in 3rd section (20) by changing over the valve 

(V 4 ). 

As mentioned above, the state wherein a, p and 8 
-tocopherol were being separated was monitored by a 
detector (D 3 ), as a result, it was found that said state 
was shown as the zigzag line (55) of Fig. 10, and the 
mixed tocopherols could be separated into a, p and 8 - 
tocopherol respectively. 

As a result, it was found that even if the aimed com- 
ponents could not be satisfactorily separated in 1st sec- 
tion (10), highly precise mass spectrometry with shap- 
ness of separation could be performed, and the reliabil- 
ity of analysis could be enhanced by setting up the con- 
stitution wherein further separation was carried out by 
the separation column (C 3 ) installed in 3rd section (20). 

Experiment 4 

The experiment was performed under the condition 
that the diameter of the separating column (C 3 ) in 3rd 
section which was smaller than Experiment 2 was 0.4 ()> 
X 150 mm. It was recognized the relation between the 
diameter of pipe in line (36) and the separation. 

Each 1 |i g of a, p, and 8 -tocopherol was restec- 
tively caught at the same time by the trapping column 
(TC) and separated by the separating column (C 3 ) 



10 

placed in 3rd section (20). Further the experiment was 
carried out under the condition that in 3rd section (20), 
a column (C 3 ) was Inertsil ODS-2 (0.4 X 150 made by 
Gaschro Kogyo Co., Ltd.) a mobile phase B (L 3 ) was a 
mixed solution (80 : 20) of methanol and ethanol, detec- 
tion was carried out at UV 282 nm, flow rate was 0.01 
ml/min, dilute solution (L 2 ) used for diluting the mobile 
phase was a mixed solution (30 : 70) of methanol and 
water, flow rate was 1.0 ml/min, trapping column (TC) 
was Inertsil ODS-2 (4.0 $ X 10 mm made by Gaschro 
Kogyo Co., Ltd.). 

When all the lines were constetuted with pipes 
whose inside diameter was 0.1 mm, the state wherein 
the components were being separated was monitored 
by the detector (D 3 ). As a result, the curyed line (56) of 
Fig. 11 was obtained, the better separation could not be 
performed. However, the state wherein a pipe whose in- 
side diameter was 0.8 X 100 mm was used only for the 
line (36) and other lines were constituted with stainless 
pipes whose inside diameter was 0.1 mm was moni- 
tored, then the curved line (57) was obtained as shown 
in Fig. 12 so that the separation between the compo- 
nents could be better performed. 

As a result, it was found that if line (36) was consti- 
tuted with a thick pipe whose inside diameter was larger 
than that of other lines, separation by the separating col- 
umn (C 3 ) could be better performed. 

In addition, it is considered that when the inside di- 
ameter of the separating column (C 3 ) is decreased and 
that of the line (36) is increased, the gradient effect for 
separation has been generated in the line (36). 

Experiment 5 

In the present invention, the optimum mobile phase 
A and B suitable for separating the components may be 
selected respectively for the separating column (C^ ) and 
(C 3 ). Also separating effect can be more exhibited by 
selecting the separating mode of the column (Cj) and 
(C 3 )- 

The analysis for a plasma sample containing vera- 
pamil was performed by using a reversed phase mode 
of the column (C-,) and optical resolution mode of the 
column (C 3 ) respectively so that verpamil was separat- 
ed in the column (C n ) and further an optical isomer was 
separated in the column (C 3 ). 

In first section (10) a column was Inertsil ODS-2 (4.6 
<j> X 150 mm made by Gaschro Kogyo Co., Ltd.), mobile 
phase A was a mixed solution (3 : 7 pH = 3.0) or ace- 
tonitrile containing 5 mM 1-pentane sodium sulfonate: 
water, detection was carried out at try 230 nm, flow rate 
was 1 .0 ml/min; in 3rd section (20), a column was Ultron 
ES-OVM (4.6 1 D X 1 50 mm made by Shinwa Kako Co., 
Ltd.), mobile phase B was a mixed solution of tetrahy- 
drofuran: ethanol: water (1 : 8 : 91). detection was car- 
ried out at try 230 nm, flow rate was 1 .0 ml/min. 

And, the dilute solution (L2) used for diluting the mo- 
bile phase was a mixed solution (pH = 7.5) of 5 mM di- 
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potassium hydrogen phosphate and potassium dihydro- 
gen phosphate, flow rate was 4.0 ml/min, a trapping col- 
umn (TC) was Ultron ES-OVMG (10 mm X 4.0 mm 1D 
made by Shinwa Kako Co., Ltd). 

In the same manner as Experiment 1, the state 
where verapamil was separated and eluted in 1 st sec- 
tion (10) was monitored by the detector (D.,), and the 
verapamil was taken in the sampling part (SL) by chang- 
ing over the valve (V-,). The chromatogram(SO) of Fig. 
13 shows the monitored state by detector (D-,), and a 
peak (51 ) indicates that verapamil has been detected. 

After thus sampling verapamil, verapamil was 
caught by means of the trapping column (TC) by send- 
ing the dilute solution (Lg), therefore, verapamil was 
again separated by the separating column (C 3 ) placed 
in 3rd section (20) by changing over the valve (V 4 ). 

As mentioned above, the state wherein verapamil 
was again separated by the separating column (C 3 ) was 
monitored by the detector (D 3 ), then said state was in- 
dicated as the chromatogram (52) of Fig. 1 3, as the re- 
sult of analysis of this curved line, it was found that at a 
peak (53) the D (dextro-rotatory) substance of verapamil 
had been separated, and at a peak (54) the L (levo-ro- 
tatory) substance of verapamil had been separated. 

As for Experiment 2 through 5 it was found that the 
installation of the separating column (C 3 ) in addition to 
that of the separating column (C^ is very useful in the 
system of the present invention. 



Claims 

1 . A method of liquid chromatography mass spectrom- 
etry, comprising: 

a 1st process wherein the components con- 
tained in a sample to be analyzed are sepa- 
rated using a first mobile phase A; 
a 2nd process wherein only the components of 
analytical interest are caught by a trapping col- 
umn after diluting the said first mobile phase A 
with a dilute solution; and, 
a 3rd process wherein the components of ana- 
lytical interest are sent to a mass spectrometer 
using a second mobile phase B and are there 
analyzed, characterised in that the components 
of analytical interest separated in the 1 st proc- 
ess are collected and retained as separate frac- 
tions. 

2. A method according to claim 1 , in which a separat- 
ing column is used for the separation of the compo- 
nents contained in the sample in the 1st process. 

3. A method according to claim 1 or 2, in which the 
components of analytical interest caught by the 
trapping column are further separated before being 
analyzed in the mass spectrometer. 



4. A liquid chromatography mass spectrometer appa- 
ratus comprising: 

a 1st section (10) for separating components 

5 present in a sample to be analyzed by using a 

first mobile phase A (L1); 
a 2nd section (15) comprising: 
an inserting line (33') for injecting a dilute solu- 
tion (L2) for diluting the said first mobile phase 

10 A, and 

a trapping column (TC) which allows said first 
mobile phase A to pass through but catches 
components carried by the dilute solution; and, 
a 3rd section (20) for introducing the compo- 

15 nents caught by the trapping column (TC) into 

the mass spectrometer (MS) using a second 
mobile phase B (L3), characterised in that the 
2nd section (1 5) includes a retainer (SL) having 
multiple branches (41 -46) for retaining and col- 

20 lecting separate fractions of the components 

separated by the first section (10). 

5. A spectrometer apparatus according to claim 4, in 
which a separating column (C1) is included in the 

25 1st section (10) for separating the components of 
analytical interest contained in the sample. 

6. A spectrometer apparatus according to claim 4 or 
5, in which a separating column (C3) is included in 

30 the 3rd section (20) for further separation of the 
components before analysis in the mass spectrom- 
eter. 



35 Patentanspruche 



Verfahren zur Flussigkeitschromatografie gekop- 
pelt mit Massenspektrometrie (LCMS) umfassend: 

einen ersten Verfahrensschritt, in dem die in 
einer zu analysierenden Probe enthaltenen 
Komponenten unter Verwendung einer ersten 
mobilen Phase A voneinander getrennt wer- 
den, 

einen zweiten Verfahrensschritt, in dem ledig- 
lich die Komponenten von analytischem Inter- 
esse durch eine Abfangsaule abgefangen wer- 
den, nachdem die genannte erste mobile 
Phase A mit einer verdunnten Losung verdunnt 
worden ist, und 

einen dritten Verfahrensschritt, in dem die 
Komponenten von analytischem Interesse 
unter Einsatz einer zweiten mobilen Phase B 
zu einem Massenspektrometer gefuhrt und 
dort analysiert werden, 

dadurch gekennzeichnet, daG die im ersten 
Verfahrensschritt voneinander getrennten 
Komponenten von analytischem Interesse 
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gesammelt und als separate Fraktionen 
zuruckgehalten werden. 

2. Verfahren nach Anspruch 1, bei dem eine Trenn-. 
saule zur Trennung der in der Probe im ersten Ver- s 
fahrensschritt enthaltenen Komponenten einge- 
setzt wird. 

3. Verfahren nach Anspruch 1 oder 2, bei dem die ana- 
lytisch interessierenden Komponenten, die durch io 
die Abfangsaule abgefangen werden, weiter von- 
einander getrennt werden, bevor sie im Massen- 
spektrometer analysiert werden. 

4. Vorrichtung zur Flussigkeitschromatografie, gekop- *5 
pelt mit Massenspektrometrie, umtassend: 

einen ersten Abschnitt (10) zum Trennen der in 
einer Probe vorliegenden, zu analysierenden 
Komponenten, unter Verwendung einer ersten 20 
mobilen Phase A (L1 ); 
einen zweiten Abschnitt (15) umtassend: 
eine Eingabeleitung (33') zum Einspritzen einer 
verdunnten Losung (L2) zum Verdunnen der 
genannten ersten mobilen Phase A, und 2s 
eine Abfangsaule (TC), die der ersten mobilen 
Phase A ermoglicht, durchzulaufen, jedoch die 
von der verdunnten Losung getragenen Kom- 
ponenten abzufangen; und 

einen dritten Abschnitt (20) zum Einfuhren der 30 
Komponenten, die durch die Abfangsaule (TC) 
abgefangen worden sind, in den Massenspek- 
trometer (MS) unter Verwendung einer zweiten 
mobilen Phase B (L3), dadurch gekennzeich- 
net, daG der zweite Abschnitt (1 5) ein Ruckhal- 35 
tegefaB (SL) umfafM, das vielfache Abzweigun- 
gen (41 - 46) zum Zuruckhalten und 
Sammeln getrennter Fraktionen der Kompo- 
nenten bildet, die durch den ersten Abschnitt 
(1 0) voneinander getrennt worden sind. 40 

5. Spektrometervorrichtung nach Anspruch 4, bei der 
eine Trennsaule (C1) im ersten Abschnitt (10) zum 
Trennen der analytisch interessierenden Kompo- 
nenten vorgesehen ist, die in der Probe enthalten 45 
sind. 

6. Spektrometervorrichtung nach Anspruch 4 oder 5, 
bei der eine Trennsaule (C3) im dritten Abschnitt 
(20) zum weiteren Abtrennen der Komponenten vor so 
der Analyse im Massenspektrometer vorgesehen 

ist. 



un premier proc6d6 dans lequel les consti- 
tuants contenus dans un echantillon k analyser 
sont separes k I'aide d'une premiere phase 
mobile A; 

un deuxieme procede dans lequel seuls les 
constituants d'inter£t analytique sont pi6g6s 
par une colonne de piegeage apres dilution de 
la premiere phase mobile A avec une solution 
dilute; et 

un troisfeme procede dans lequel les consti- 
tuants d'inter§t analytique sont envoyes vers 
un spectrometre de masse k I'aide d'une 
seconde phase mobile B, puis y sont analyses, 

caract6ris6e en ce que les constituants d'interdt 
analytique separes dans le premier proc6d6 sont 
recueillis et retenus en fractions separees. 

2. Methode selon la revendication 1, dans laquelle 
une colonne de separation est utilisee pour la sepa- 
ration des constituants contenus dans I'echantillon 
du premier procede. 

3. Methode selon la revendication 1 ou 2, dans 
laquelle les constituants d'interet analytique pi6g£s 
par la colonne de piegeage sont encore separes 
avant d'etre analyses dans le spectrometre de 
masse. 

4. Appareil de chromatographie liquide coupiee k un 
spectrometre de masse comprenant: 

une premiere section (10) pour separer les 
constituants presents dans un echantillon k 
analyser k I'aide d'une premiere phase mobile 
AO-,); 

une deuxieme section (15) comprenant: 
une canalisation d'insertion (33') pour injecter 
une solution diluee (L 2 ) servant k diluer ladite 
premiere phase mobile A, et 
une colonne de piegeage (TC) qui laisse pas- 
ser la premiere phase mobile A, mais qui pi£ge 
les constituants portes par la solution dilu6e; et 
une troisieme section (20) pour introduire les 
constituants pi6ges par la colonne de piegeage 
(TC) dans le spectrometre de masse (MS) k 
I'aide d'une seconde phase mobile B (L 3 ), 



caracterise en ce que la deuxieme section (1 5) con- 
sent un recuperateur (SL) k plusieurs branches 
(41 -46) pour recueillir et retenir des fractions sepa- 
rees des constituants separes par la premiere sec- 
tion (10). 



Revendicatlons 55 5. Appareil k spectrometre selon la revendication 4, 

dans lequel une colonne de separation (C-,) est 
1. Methode de chromatographie liquide coupiee a un incorporee dans la premiere section (10) pour s6pa- 

spectrometre de masse, comprenant: rer les constituants d'interet analytique contenus 
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dans I'echantillon. 

» 

Appareil h spectrometre selon la revendication 4 ou 
5, dans lequel une colonne de separation (C 3 ) est 
incorpor6e dans la troisieme section (20) pour s 
separer davantage les constituants avant I'analyse 
dans le spectrometre de masse. 
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